Among 234 isolates comprising 26 different Candida species colonizing the oropharynx of 181 (54.3% of 399 surveyed) HIV-infected outpatients, 27 (11.7%) were fluconazole resistant. Antibacterial treatment was associated with increased rates of yeast colonization, while antiretroviral therapy and pneumococcal vaccination protected patients from yeast colonization.
In human immunodeficiency virus (HIV)-infected patients, oropharyngeal colonization by Candida pathogens predicts subsequent development of yeast infections (18) , which may lead to systemic candidemia, a recognized major cause of mortality (15) . Widespread use of azole antifungal agents for the treatment and prophylaxis of candidiasis results in colonization by less susceptible organisms and development of resistance (8, 16) . Therefore, oropharyngeal candidiasis due to drug-resistant fungi has become an emerging problem for patients infected with HIV (17) .
The overall prevalence of HIV infection in Taiwan increased dramatically in recent years (2) . Thus, we conducted a prospective cohort study to determine the prevalence of yeast oropharyngeal colonization in HIV-infected patients who were seen regularly at the outpatient infectious disease clinic of National Taiwan University Hospital. The study was conducted between April and June 2005. Verbal informed consent was obtained beforehand, and a total of 399 patients were screened, of whom complete relevant information was available for 201 patients. A standardized data collection form was used to retrieve demographic as well as clinical information and laboratory data. Statistical analysis was performed following our previous report with modest modifications (19) . The chi-square test was used to study the association to transient or persistent oropharyngeal yeast colonization. The Student t test was applied for continuous variables, and logistic regression was applied to assess the independent effect of factors, including employment, shelter stay, low CD4 ϩ counts (Յ200 cells/mm 3 ), and receipt of antibacterial treatment, highly active antiretroviral therapy (HAART), or a pneumococcal vaccine. A probability (P) of Ͻ0.05 was considered significant.
Oropharyngeal samples were obtained using dry sponge swabs (EZ Culturette; Becton Dickinson, Sparks, MD). All swabs were streaked onto CHROMagar Candida agar medium, and the isolates were subjected to the ID 32C system (bioMérieux, Hazelwood, MO) for species identification first. The Vitek yeast biochemical card (bioMérieux) and the sequence of the internal transcribed spacer (ITS) regions and the D1/D2 region of ribosomal DNA (11, 12) were used for further identification when ID 32C failed to reach greater than 90% confidence and when uncommon species were identified. All but four of the isolates were successfully identified to the species level. Oropharyngeal colonization with yeasts is known to be significantly higher among HIV-infected patients than among healthy individuals, and the rate of colonization varied from 44% to 88% (1, 6, 14, 18) . More than half of the HIV-infected patients (53.4%) enrolled in this study were colonized by yeast pathogens, a rate similar to that in our previous report (10) . The patient characteristics are summarized in Table 1 . HIV-infected patients with progressive immunodeficiency (CD4 ϩ counts Յ 200 cells/mm 3 ) appear to have higher prevalence of yeast colonization (P ϭ 0.17), a result supporting our previous finding showing that low CD4 ϩ count is a risk factor (10, 23) . Furthermore, we found that high HIV viral load (P ϭ 0.003) increased the rate of yeast colonization, whereas receipt of HAART (P ϭ 0.044) protected these patients from yeast colonization. Thus, reduction of viral load and restoration of the immune system resulting from antiretroviral therapy eliminated Candida species from HIV-infected patients (7). Interestingly, pneumococcal vaccination also protected patients from yeast colonization. In addition, receipt of antibacterial therapy was highly associated with yeast oropharyngeal colonization (P ϭ 0.002). This is consistent with other studies (10, 14) . Based on multivariate analysis, antibacterial therapy was the only independent risk factor for oropharyngeal yeast colonization (odds ratio, 2.7; 95% confidence interval, 1.27 to 5.84). Interestingly, all six injecting (i.v.) drug users were colonized by yeasts (five by Candida albicans and one by Candida dubliniensis) even though the CD4 ϩ counts of five of them were greater than 450 cells/mm 3 . Whether i.v. drug users are at risk for yeast colonization requires further investigation with a larger sample size.
One isolate of each species from the same patient was analyzed, and 26 different species were identified (Table 2) . Even though C. albicans was still the most common species recovered, its proportion decreased from 86.7% in our previous study (10) to 68.5% in the present study. A total of 10 C. dubliniensis isolates were recovered in the present study, whereas no C. dubliniensis was found in our previous two nationwide surveys ( (22, 24) .
The MICs of antifungal agents were determined according to the procedures in our previous study (24) , which followed the guidelines of the Clinical and Laboratory Standards Institute (5). Growth was measured by the Biotrak II plate reader (Amersham Biosciences, Biochrom Ltd., Cambridge, England) after 24 and 48 h of incubation at 35°C. The overall rates of resistance to amphotericin B (MICs Ն 2 g/ml) and fluconazole (MICs Ն 64 g/ml) after 48 h of incubation were 0.9% and 11.5%, respectively (Table 2) , which are higher than our previous study on candidemia patients (4) and lower than those on non-HIV-infected patients in Taiwan (9, 21, 22, 24) . The prevalence of Candida tropicalis isolates resistant to fluconazole was high (63.7%), similar to our previous finding in the 2006 TSARY (20) .
Even though fluconazole is widely used for the treatment and prophylaxis of mucosal candidiasis in many areas (8, 16 ), a very low proportion of patients in the present study received antifungal therapy, which is consistent with our previous report on candidemia patients in another hospital in Taiwan (3, 4) . Among the 201 patients with available complete relevant information, only four had symptoms of candidiasis, and only these four received antifungal (fluconazole) therapy. This result is a good example of the general policy in Taiwan, which states "not to administer fungal prophylaxis for HIV-infected patients." We failed to recover yeast isolates from one of the four patients. The remaining three patients were colonized by C. albicans. These isolates had fluconazole MICs of 0.25, 0.5, and 16 g/ml, and were from patients who received fluconazole 6, 0, and 27 days, respectively, prior to isolate recovery. However, the number is not enough to determine whether prior antifungal exposure contributed to higher MIC in these isolates.
A significantly higher portion of the patients in the present study was colonized by more than one species of yeast, compared to that in our previous report (36 of 181 versus 25 of 316; P ϭ 0.0002). Interestingly, patients who were colonized by multiple species of yeast had a higher unemployment rate than did those colonized by a mere one species (29.5% versus 15%; P ϭ 0.03). Thus, to investigate polyfungal colonization/infections, it is better to employ CHROMagar Candida medium, well demonstrated to detect a higher diversity of yeasts than routine culture media (13) . Furthermore, molecular methods such as sequencing of ITS and/or D1/D2, which provide rapid and accurate identification of various fungal pathogens, were helpful in identifying rare emerging species in the present study.
In conclusion, periodical surveys of oropharyngeal yeast colonization in high-risk patient cohorts, such as HIV-infected patients, are useful in the clinical arena, especially in a region where few such studies have been conducted. The data obtained from the surveys may provide helpful information for better care of high-risk populations. 
